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18 .  IZcsponsc o f  a O n e - l ~ i m e n s i n n a l  ?‘l;isc)v  plasm:^ t o  
E x t e r n a l  E l e c t r i c  F i e l d s  
11. C .  I l a rd ing  
P h y s i c s  - o f  F l u i d s ,  .- 1 1 ,  2233 ( 1 0 0 s )  

\ 

T h e  n o n l i n c a r  r e s p o n s e  o f  a V lasov  p lasma has hccn 
c a l c u l a t e d  n u n i e r i c a l l y  f o r  s e v e r a l  e x t e r n a l l y  a p p l i e d  c l ec -  
t r i c  f i e l d  c o n f i g u r a t i o n s .  In the presence o f  il s t a n d i n g  
wave o f  f r e q u e n c y  uI) & w , t he  e n e r g y  o f  t h e  p a r t i c l e  
d i s t r i l w t i o n  and t h c  env&Eopc o f  t h c  p a r t i c l c  e l c c t r i c  
f i e l d  were found  t o  o s c i l l a t e  s l o w l y  w i t l i  a p p r o x i n i a t c l y  
the  p e r i o d  of  t h c  tr:ippccl p a r t . i c l e s .  Analogous s p a t i n l  
o s c i l l a t i o n s  have becn  repor ted  hy E!nlmhcrg :ind ISharton. 
R e r n s t e i n ,  Greene, and  K r u s k a l  c q t i i l i b r i a  were c n l c u l a t e d  
f o r  a c o n s t a n t ,  s i n u s o i d a l  i nhomogene i ty  i n  the  13nckgrountl 
i o n  c h a r g e  d e n s i t y  and found t o  b e  n u m e r i c a l l y  s t a b l e  
a g a i n s t  small p e r t u r b a t i o n s .  Landnu-damping rntes  f o r  t he  
p e r t u r b a t i o n s  a r c  compared w i t h  t h e  c n l c u l a t  i o n s  of  J n c k s o n  
and  R a e t h e r .  I n  the p r e s e n c e  o f  a s l o w l y  v a r y i n g  
I., << w ) inhomogeneous backgroiintl ( s  imu la t  i n g  a n  i n n  
a c o u s t i c P E a v e )  the  e l e c t r o n s  were fount] t o  ohey  a l o c a l l y  
i s o t h e r m a l  e q u a t i o n  o f  s t a t e  t o  w i t h i n  a f e w  nercen t  f o r  
t h e  timcs t h a t  c o u l d  h e  c a l c u l a t e d .  T h e  r e s p o n s c  of  an 
i n i t i a l l y  u n i f o r m  plasma t o  ;L s u d d e n l y  a p p l i e d  e x t e r n a l  
f i e l d  was a1 s o  c a l c u l a t e d .  

19 .  S c a t t e r i n g  o f  Charged P a r t i c l e s  i n  a Ideakly T u r -  
b u l e n t  Plasma 
C c l s o  ~ o q u 6  
Ph s i c s  o f  F l u i d s ,  - 11, 2 4 7 1  ( 1 9 6 s )  

T h e  mean- squa rc  d e f l e c t i o n  o f  s u p r a t h e r m a l  t e s t  
p a r t i c l e s  f rom a weakly  u n s t a b l e  e l e c t r o n  plasiiin i s  c n l -  
c u l a t e d .  T h e  i n s t a b i l i t y  i s  assumed t o  have  been  d r i v e n  
by  a t e n u o u s  beam of e n e r g e t i c  e l e c t r o n s .  T h e  rnndom 
p h a s e  a p p r o x i m a t i o n  e x p r e s s i o n  f o r  t h e  s p e c t r a l  d e n s i t y  i s  
u s e d  and  t h e  e l e c t r i c  f i e l d  e n e r g y  d e n s i t y  of  t?ie t u r b u l e n t  
s p e c t r u m  i s  e s t i m a t e d  by the q u a s i l i n e a r  t h e o r y .  It i s  
shown t h a t  t h e  mean- squa re  s c a t t e r i n g  a n g l e  can b e  i n c r e a s e d  
by  more t h a n  an o r d e r  o f  magn i tude  by a s u i t a b l e  beam 
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d e n s i t y  o r  d r i f t  v e l o c i t y .  T h i s  enhances  the  p o t e n t i a l  
u s e f u l n e s s  of c h a r g e d - p a r t i c l e  s c a t t e r i n g  n s  ;1 d i a g n o F t i c  
t o o l  f o r  t u r b u l e n t  l a b o r a t o r y  p l a s m a s .  

20. Numerical  S t u d i e s  o f  Turh i i len t  I l c n t  i n g  
S .  P e t e r  Gary and Ilavid ?:ontgoiiicrv 
[ a c c e p t e d  f o r  p u b l i c a t i o n  by Phys ic s  o f  F l u i d s :  
t o  appear i n  I)eccntber 1!IhS isFiiFJ -- ---- 

1Jc have  n u i n c r i c a l l y  intcgrr t tecl  t l ic  e q u a t i o n s  o f  
motion  o f  e l e c t r o n s  s u h j c c t  t o  t l i f f c r c n t  cornhina t ions  o f  
e l e c t r o s t a t i c  waves.  We i g n o r e  mriqnetic f i e l d s  th rough-  
o u t .  \\le c a l c u l x t e ,  f o r  n a r t i c u l i i r  c h o i c e s  o f  w:ivc a m p l i -  
t u d e ,  rwvc niiirthcr , f r c q u e n c y ,  ani1 phase,  and f o r  g i v e n  
i n i t i a l  v e l o c i t i e s ,  t h p  iiieaii s q u n r c  v e l o c i t y  sprc:itling o f  
n c o l l e c t i o n  o f  p a r t i c l e s  s i i b j c c t  t o  t h r c c  c l i f f c r e n t  k i n d s  
of wave s p e c t r a :  (a)  a s i n g l c  monochromatic ~\!ave;  
(12) s e v e r a l  (up t o  t e n )  monochromatic waves w i t h  t l i f f c r i n g  
p h a s e  v e l o c i t i e s ;  and ( c )  a s i n g l e  wive w i t h  a random 
phasc  change  a t  r e g u l a r  i n t e r v a l s .  I l c a t i n g  o c c u r s  Jrrc t o  
two b a s i c  e f f e c t s :  t h c  " t r a p p i n g "  o f  p a r t i c l c s ,  o p e r a t i v e  
i n  a l l  t h r e e  s p e c t r a ,  and t!ie s p r e a d i n g  o f  the  s p e c t r ; i l  
d e n s i t y  due t o  t h e  random p h a s e  i n t e r r u p t i o n s  i n  ( c ) .  For  
t h e  p a r a m e t e r s  chosen ,  n u m e r i c a l  r e s u l t s  a r e  t h a t  t h e  most  
e f f i c i e n t  h e a t i n g  o c c u r s  i n  c a s e  ( c ) .  

2 1 .  S h o c k - l i k e  S o l u t i o n s  o f  the E l e c t r o s t a t i c  ~ ' I ~ s o v  
Equa t ion  
1) av  i t l  !Ion t E[ om e r y 
[ a c c e p t e d  f o r  p u b l i c a t i o n  hy J o u r n a l  o f  Plasma 
P h y s i c s ]  

-.---.- -- --_I- 

I t  i s  shown how t o  c o n s t r u c t  s h o c k - l i h e  t i m e  i n d e -  
i lendent  s o l u t i o n s  o f  t h e  e l e c t r o s t a t i c  Vlasov a n d  P o i s s o n  
E q u a t i o n s  i n  one d imens ion .  T h c  p o s i t i v e  i o n s  a r e  assumed 
t o  be a t  z e r o  t e m p e r a t u r e .  T h e  e l e c t r o s t a t i c  p o t e n t i a l  i s  
assuined t o  i n c r e a s e  monotonica 1 l y  t h rough  thc sliock from 
z e r o  t o  a c o n s t a n t  v a l u e .  Tlie most i q o r t a n t  f c z t u r c  o f  
t h e  s o l u t i o n  i s  a p o p u l a t i o n  o f  t r a p p e d  e l e c t r o n s  i n  t h c  
shocked p lasma.  In c o n t r a s t  t o  t i m e - i n d e p e n d e n t  s o l u t i o n s  
based  upon f l u i d  e q u a t i o n s ,  thcre  i s  no uppe r  l i m i t  on t h e  
amp1 i t u t l e  o f  t h e  shock .  



4 

2 2 .  N o n l i n e a r  Vlasov  Plas rnss :  I n i t i a l  V a l u e  Problem a n d  
Response t o  an E x t e r n a l  F i e l d  
David Plontgomery 
[ t o  be  p u b l i s h e d  i n  P r o c e e d i n g s  o f  Summer School  on 
" S t a t i s t i c a l  P h y s i c s  of  Charged P a r t i c l e  Systems , I f  

Kyoto, J a p a n ,  S c p t .  2 - 6 ,  196s :  by 13enjamiri (11. S . )  
and Syo kabo  (Japan)  ] 

Numerical  s o l u t i o n s  o f  c o l l i s i o n l e s s  plasma p r o -  
blems due  t o  Armstrong and I larding a r e  r ev iewed .  Phenomena 
c o n s i d e r e d  a r e :  (1)  n o n l i n e a r  Landau darnping; ( 2 )  d e v e l o p -  
nient o f  t h e  two-s t r eam i n s t a b i l i t y :  ( 3 )  r e s p o n s e  o f  a 
Vlasov  plasma t o  a r a p i d l y  v a r y i n g  e l e c t r i c  f i e l d ;  ( 4 )  r e -  
sponsc  of  a Vlasov  p lasma t o  :{ l ow- f requency  c l e c t r i r .  F i e l d :  
( S I  damping o f  p e r t u r b a t i o n s  on rion-uniforin c q u i l i b r i n ;  
and (6 )  for innt ion  o f  a s h i c l d  irig c l o u d  :iround t e s t  charges. 
I n  most c a s e s  i t  is conclucletl t h a t  p h y s i c a l  i n t c r p r c t a t  i ons  
by means o f  c l c inen ta ry  a rguments  i n v o l v i n g  p a r t  i c l c  " t r a p -  
p ing"  a re  a d e q u a t e  (more p r c c i  l y  , i n v o l v i n g  t h c  i n t e r -  
a c t i o n  of p a r t i c l e s  w i t h  f i e l d  components w h i c h  a p p e a r  t o  
them t o  be n e a r l y  time i n d e p e n d e n t )  . S e v e r a l  a d d i t i o n a l  
problems which shou ld  b e  s u s c e p t i b l e  t o  t h e  same t e c h n i q u e s  
a r e  s u g g e s t e d .  

2 3 .  Numerical S t u d i e s  o f  NoRl inear  I o n  A c o u s t i c  Waves 
T .  P.  Armstrong ( U n i v e r s i t y  o r  ICansas) an+  rt. 
?hlontgor:ie r y  
[ P u b l i s h e d  by I \ .  S .  A .  L .  C .  i n :  P r a c c e d i n g s  o f  
A .  P .  S .  'Topical Conrerence  on Numerical  Si inula-  
t i o n  of  P lasma,  Los Alainos, Kew Flcxico, S c p t .  
1 8 - 2 0  (1908) .  Repor t  I ,A-5990.]  
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2 4 .  Nuiiierical S t u d y  o f  Charged P a r t  iclc I l ca t ing  h y  
P 1 :I s ma T u  r !I 11 1 e n c  c 
S. P e t e r  Gary and Ilavid !.lontgonicry 
[ P u b l i s h e d  by IJ. S .  A .  E .  C .  i n :  P r o c e e d i n g s  o f  

A .  P .  S .  T o p i c a l  Coi i fc rcnce  on Euunrcrical Siniuln-  
t i o n  o f  Plasc\a ,  1,os Alamos, Ncw Z!exico, S e p t .  
18 -20  ( 1 9 h S ) ,  Repor t  LA-3!)!lO.] 

We r e p o r t  n u m e r i c a l  c a l c u l a t i o n s  o f  t!ic lieat i n g  
o f  cha rged  p a r t i c l e s  by t u r b u l e n t  e l e c t r i c  Ticlcls. 'I'hc 
F i e l d s  a r c  g i v e n ,  and arc  riot r c q u i r e d  t o  tic s c l f - c o n s i s -  
t c r i t l y  s u p p o r t e d  by t h c  p a r t i c l e s .  Thrcc t y p e s  o f  wave 
s p e c t r a  a r e  t r e a t e d ,  e a c h  o f  which i s  analyt icLi1 l y  u m i a i i -  
a g e a b l e :  (1) many waves,  c o n s t a n t  p h a s e s  ;111d v c l o c i t i c s ;  
( 2 )  one  wave, randomly i n t e r r u p t e d  1,Iiase : ( 3 )  onc wave, 
s l o w l y  v a r y i n g  wave nmiher  a t  c o n s t a n t  f rcquericy . Large  
p a r t i c l e  e n e r g i z a t i o n  i s  found i n  t h e  l a s t  two c a s c s .  I n  
a l l  t h r e e  cases,  t h e  r e s u l t s  c a n  hc q u a l i t a t i v e l y  u n d e r -  
s t o o d  by e l e m e n t a r y  a rgumen t s  r e l a t e c  t o  p a r t i c l e  
" t r a p p i n g .  " 

25 .  P a r t i c l e  A c c e l e r a t i o n  by E l e c t r o s t a t i c  Waves w i t h  
S p a t i a l l y  Vary ing  P h a s e  V e l o c i t i e s  
S .  P.  Gary ,  ])avid hlontgomcry, arid I?anicl W. S w i f t  
( U n i v e r s i t y  of A l a s k a )  
J o u r n a l  o f  G e o p h y s i c a l  Research I 7 3 ,  7 5 2 4  (1?68) .  

[No A b s t r a c t . ]  

- - ..-A- - 

26. O s c i l l a t i o n s  P r e s e n t  i n  Plasma- iilec t ror i  lleat irig 
by an E l e c t r o n  Ream 
I .  A l e x e f f ,  G. E .  G u e s t ,  1 ) .  Montgoriiery, R .  V .  Nei-  
d i g h ,  and  D .  J .  Rosc ( o t h e r  a u t h o r s  from Oak Ridge 
N a t i o n a l  L a b o r a t o r y )  
P l i y s i c a l  Review Let ters  _. 2 1 ,  344 ( 1 9 6 8 )  

O s  c i 1 1 a t  i o n s  of  e 1 ec t r o s t ;i t i c  f i e 1 ds p 1- e s e n t wli en  
e l e c t r o n s  a r e  s t r o n g l y  h e a t e d  by e l e c t r o n - b c m  plasma 
i n t e r a c t i o n  r e v e a l  l a r g e - a m p l i t u d c  o s c i l l a t i o n s  w i t h  
w/kl l$v , thc e l e c t r o n - b e a m  spced;  O S W  /lo, where w i s  
t h e  e l e k t r o n  g y r o f r e q u e n c y ;  c o h e r e n c e  i g n g t ~ i s  o f  r o u z E l y  a 
few w a v e l e n g t h s  ( < <  p l a s m a  l e n g t h )  ; and mnxinium e l e c t r o s t a t i c  
p o t e n t i a l  i n  t h e  wave a p p r o a c h i n g  t h e  a p p l i e d  heam v o l t a g e .  
A g r o s s  c o m p a t i b i l i t y  i s  found  be tween t h e  o b s e r v e d  f r e -  
q u e n c i e s  and  w a v e l e n g t h s  and  t h e  p r e d i c t i o n s  of  ;1 l i n e a r  
t h e o r y .  
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2 7 .  E x p e r i m e n t a l  S t r o n g  T u r h u l e n t  H e a t i n g  
R.  V. N e i d i g h ,  I .  A l c x e f f ,  G .  E .  G u e s t ,  W. I). J o n e s ,  
n .  C.  hfontgornery, D .  J. Rose,  12’. L .  S t i r l i n g  ( o t b e r  
a u t h o r s  f rom Oak Riilgc N a t  i o n a l  L a h o r n t o r y )  
Pape r  C N - 2 4 / I J - 2  a t  I n t e r n ~ t i o n a 1  Atoiiiic Energy 
Agency C o n f e r e n c e  on C o n t r o l l e d  F u s i o n ,  K o v o s i b i r s l , ,  
U .  S .  S .  11. (August  1‘368) 
[ t o  be pub1 ishccl i i i  P r o c e e d  i n g s  . J 

Expe r imen t s  a t  ORNL a r c  e x p l o r i n g  tlic s t r o n g  t u r -  
b u l e n t  i n  t c r a c  t i o n  hc tween ;L s t early - s tat e , niagnc t i c a l l  y 
c o l l i m a t e d  e l e c t r o n  bcam anrl i t s  s e l f  - ~ c n c r a t c t l  p1nsm;i. 

The techno$ogy t o  maximize i o n  hca t  ins i s  l ~ c i n g  
developccl i n  h r i i o u t  V ,  :i s i m p l c  m i r r o r  d e v i c c  ie:i t h  inagnct ic  
f i e l d s  of  5 0 - 2 5 - 5 0  k G ,  and w i t h  :in a x i a l  e l c c t r o n  beam 
( 6  A a t  10  ECV) which g i v c s  2 \>cam power d e n s i t y  i n  t h e  
p lasma e x c e e d i n g  one kN cm-3. N e c e s s a r y ,  b u t  n o t  s u f f i c i e n t ,  
e v i d e n c e  f o r  a t r u e  t h e r m o n u c l e a r  t e m p e r a t u r e  i s  t h e  
o b s e r v e d  103  s e c - 1  cm-3 plasma s o u r c e  o f  ~ - F . I ~ v  p r o t o n s  
i d e n t i f y i n g  11-Il r eac t  i o n s .  S p e c t r a l  tiiensurci!icnts o f  re -  
conihi i ia t ion r a d i a t i o n  r e v e a l  (t l i n e  I J ~ C I ~ I !  co r r c spon( I  in;: t n  
an i o n  e n e r g y  of  0 .  S l i cV .  A n a l y s i s  o f  cha r~e -esc l innRe t f  
n e u t r a l  atonis r e v e a l s  t h e  e n e r g y  spec t r i i r i  i n  i : i o r ~  d e t a i l  
w i t h  a maxiinuni hc tween 100-5(1(? eV and a s  niuc!i as  10 p e r c e n t  
ncar  one ket;. A f l i i x  of  3 ,Y 1 0 1 4  cm-2 sec-l of  I n 0  k e V  
d e u t e r o n s  escapes the  midp lane  perimeter. C a l o r i n i c t r i c  
p r o b e s  nicasure a p l a s m a  h e a t i n g  q f f e c z  c q u i v n l c n t  t o  0 .  S 
k e V  i o n  honib;irdiiient a t  2 . 5  S lo1-. cm--’. T h e  r a t e  o f  d e -  
crease o f  s p c c t r a l  r a d i a t i o n  toward  t h e  plasma c e n t e r  
e s t a b l i s h e s  an e l e c t r o n  d e n s i t y  o f  R t  l e a s t  2 . 5  s 1012 cm-3. 
The conf inen len t  t ime, 2 X 1 0 - 4  sec e s t i i n a t e d  from d e n s i t y  
and e n e r g y  b a l a n c e ,  a g r e e s  we11 w i t h  t he  measured  s p e c t r a l  - 
l i g h t  d e c a y  time arid i s  e q u i v a l e n t  t o  h u n d r e d s  oT i o n  t r n n -  
s i t s  t h r o u g h  t h e  p l a sma .  I o n  h e a t i n g  has hcen o b s e r v e d  t o  
i n c r e a s e  s t r o n g l y  w i t h  i n c r e a s i n g  m a g n e t i c  f i e l d  s t r c n g t h ,  
s u g g e s t i n g  a d i r e c t i o n  f o r  f u t u r e  deve lopmen t .  

2 8 .  F l u c t u a t i o n s  i n  hlonatomic Gases 
David Flontgomery 
[ s u b m i t t e d  t o  P h y s i c s  I o f  F l u i d s ]  - 

We t r e a t  the problem of  c a l c u l a t i n 8  d j s t ; i bu t ion ;  
f u n c t i o n  a u t o - c o r r e l a t i o n s  o f  t h e  form < f  (xl  , v l ,  t l )  f (xz , v 2  , T 2 ) >  
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€ o r  a d i l u t e  monatomic gas .  Two-time p r  - 
c a s e  a r e  used. A p e r t u r b a t i o n  e x p a n s i o  
i s  pe r fo rmed  on t h e  g e n e r a l i z e d  BBGKY h i  
r e s u l t s .  I t  i s  shown t h a t  thc prohleni  o f  d e t e r m i n i n g  the 
f l u c t u a t i o n  s p e c t r a  c a n  b e  r educed  t o  s o l v i n g  f o r  a f u n c -  
t i o n  which obeys  t h e  l i n e a r i z e d  k i n e t i c  e q u a t i o n  f o r  a 
d i l u t e  n e u t r a l  g a s  w i t h  a p a r t i c u l a r  c h o i c e  o f  i n i t i a l  
c o n d i t i o n s ,  3 r e s u l t  p r e v i o u s l y  o b t a i n e d  by van Leeuwen 
and Yip ,  u s i n g  d i ag rammat i c  p e r t u r b a t i o n  t h e o r y .  In  t h e  
l i m i t  of i n f i n i t e  w a v e l e n g t h s  and h a r d - s p h e r e  i n t e r a c t i o n s ,  
th i s  e q u a t i o n  r e d u c e s  t o  t he  l i n e a r i z e d  I3oltzmann e q u a t i o n .  

2 9 .  A S imple  G i g a c y c l e  C o r r e l a t o r  

b u t i o n s  o f  t h e  t y p e  i n t r o d u c e d  by Ros tok  a 

I .  A l e x e f f ,  K. V. h ' e id igh ,  and It'. 11. Wing (tJiiiver- 
s i t y  o f  Iowa) 
[ t r a n s m i t t e d  t o  I n t e r n a t i o n a l  J o u r n a l  - o f  E n g i n e e r -  
ing S c i e n c e ]  

A g i g a c y c l e  (beyond 2000  Mc) c o r r e l a t o r  has been  
d e v e l o p e d  w i t h  c o m m e r c i a l l y  a v a i l a b l e  components .  The  b a s i c  
components  c o m p r i s e  two sampl ing  o s c i l l o s c o p e s ,  a p u l s e  
g e n e r a t o r ,  a n  a n a l o g u e  m u l t i p l i e r ,  a wave€orin a v e r a g e r ,  and 
a d i s p l a y  o s c i l l o s c o p e .  The o s c i l l o s c o p e  o u t p u t  p e r m i t s  
"real  time'' d i s p l a y  o f  t h e  c o r r e l a t i o n  f u n c t i o n s  as t h e y  a r e  
computed o v e r  1 0 0  sampl ing  p o i n t s .  T h e  d e v i c e  c a n  c o r r e l a t e  
o v e r  a time i n t e r v a l  t h a t  i s  a d j u s t a h l e  from 2 n s e c  t o  1 0 0  
p s e c .  T h e  i n s t r u m e n t  o f f e r s  an  improvemcnt i n  f r e q u e n c y  
r e s p o n s e  of t h r e e  o r d e r s  o f  magn i tude  o v e r  any o f  t h e  a u t o -  
m a t i c  c o r r e l a t o r s  p r e s e n t l y  i n  t h e  l i t e r a t u r e .  I t s  maximum 
s e n s i t i v i t y  w i t h o u t  p r e a m p l i f i c a t i o n  i s  a b o u t  2 mV. I t s  
p a r t i c u l a r  a d v a n t a g e  i s  t h a t  i t  needs  no a l t e r a t i o n s  o f  i t s  
c o m m e r c i a l l y  a v a i l a b l e  componcnts ,  l e a v i n g  them f r e e  f o r  
i n d i v i d u a l  c o n v e n t i o n a l  u s e .  Use o f  a s i n g l e  sampl ing  
o s c i l l o s c o p e  f o r  c o r r e l a t i o n  s t u d i e s  i s  a l s o  d i s c u s s e d .  

3 0 .  P r o p a g a t i o n  of Ion A c o u s t i c  IYaves i n  a Magnet ic  
F i e l d  
Glenn J o y c e  ( U n i v e r s i t y  of Iowa) arid R .  A .  Dory 
(Oak Ridge N a t i o n a l  L a b o r a t o r y )  
[ s u b m i t t e d  t o  - of 1 

- 
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The p r o p e r t i e s  o €  low f r c q u e n c y  e l e c t r o s t a t i c  wavcs 
p r o p a g a t i n g  a t  v a r i o u s  a n g l e s  t o  a m a g n e t i c  f i e l d  i n  a 
plasma a r e  s t u d i e d .  Numerical c a l c u l a t i o n s  a r c  uscd  t o  
cleterniirie t h e  phase v e l o c i t i e s ,  g roup  v e l o c i t i e s ,  dai:q>ing 
clccremciits and p r o p a g a t i o n  d i r e c t  i o n s  f o r  f r e q u e n c i e s  
between z e r o  and twice thc i o n  c y c l o t r o n  f req i icncy .  A 
i:iotlel i s  p r e s e n t e d  which siinulatcs expe r  iuiental  t imc-of-  
f l i g h t  s t u d i e s  o f  f i n i t c  wave pacl;cts gc11cril tccl by  s ine  
wave b u r s t s  . 



13. IONOSPIIERIC 

8 .  S a t e l l i t e  Obscrvti t i o n s  o f  VLT: Emissions i ~ n t l  T h e i r  
A s s o c i a t i o n  w i t h  l i ne rgc t  i c  C1::trgecl Part ic lcs  
l>onald A.  G u r n e t t  
Pape r  p re sen tc r l  a t  t h c  h'l\TO Advanced Study  In- 
s t i t u t e  J u l y  . 5 l  - A u g u s t  11, l O ( t 7 ,  Earth's Par- 
t i c l e s  and F i c l d s  (1968)  --.- I__ 

A summary o f  r e c e n t  s a t e l l i t e  o b s e r v a t i o n s  o f  VLF 
e m i s s i o n s  and the i r  a s s o c i a t  ion w i t h  c r i e r g c t i c  cliargetl  
p a r t i c l e s  i.s p r e s e n t e d .  l i s i n g  ( l a t a  from tlie I n j u n  3 
s a t e l l i t e  maps o f  the I-lroatlliancl i n t e n s i t y  o f  mngnc tosphc r i c  
VLF e m i s s i o n s  a r c  shown as n f u n c t i o n  o f  i n v a r i a n t  l a t i t u d e  
and m a g n c t i c  l o c a l  tiiiie. Examples o f  t h e  si i i ir i l tancous 
o c c u r r c n c e  o f  VLF e m i s s i o n s  a n d  c n c r , y c t i c  c h a r g e d  p a r t i c l c  
p r c c i p i t a t t o n  a r e  d i s c u s s e d .  

9 .  F l i c r o b u r s t  Phenomena, 3 .  A n  A s s o c i a t i o n  between 
F l i c r o b u r s t s  and V L F  Chorus 
Pi. N .  O l i v e n  and  1). A .  G u r n e t t  
J o u r n a l  of  G e o w s i c a l  - -___ Research, -_ 7 3 ,  2355 (1968)  

O b s e r v a t i o n s  malic with the  I n j u n  3 s a t e l l i t e  O F  

_ - - -  

b u r s t s  o.f p r e c i p i t a t i i i g  Ec 2 40-kcv e l e c t r o n s  :tnJ of VLF 
c h o r u s  e m i s s i o n  have  rcvealcd t h e i r  s imul t n n c o u s  o c c u r r c n c c .  
Observed m i c r o b u r s t s  a r c  a lways  nccompanietl tJy a g roup  o f  
VLF c h o r u s  e m i s s i o n s ;  c h o r u s  i s  not n e c e s s a r i l y  accompanied 
by m i c r o b u r s t s .  The  maximum r e g i o n  o f  m i c r o h u r s t s  o c c u r r e n c e  
from 0 4 0 0  5 m a g n e t i c  l o c a l  time 5 2 3 0 0  and 65O i n v a r i a n t  
l a t i t u d e  5 70' l i e s  well  w i t h i n  t h c  maximum reg ion  of  
c h o r u s  e m i s s i o n s  from 0300 5 m a g n e t i c  l o c a l  time I 1 5 0 0  
and 55' i n v a r i a n t  l a t i t u d e  L_ 7 5 O .  I t  i s  n o t  g e n e r a l l y  
p o s s i b l e  t o  f i n d  a o n e - t o - o n e  ( b u r s t  t o  b u r s t )  c o r r e s p o n d -  
ence between i n d i v i d u a l  m i c r o h u r s t s  and VLF c h o r u s  b u r s t s .  

10 .  O b s e r v a t i o n s  o f  VLF Iliss at Very Low I, Vnlues  
Donald A .  G u r n e t t  
J o u r n a l  o f  Geophys ica l  _- --- Resea rch  I 7 3 ,  1 0 9 h  (1 S b S )  

[No A h s t r n c t ]  

I_ 



11. Morphology o f  VLF Emiss ions  Ohscrvcd w i t h  t bc  
f n j u n  3 S a t e l l i t e  
W i l l i a m  W. L.  T a y l o r  arid Ponald  A.  G u r n e t t  
J o u r n a l  o f  Geophys ica l  Research  73,  5fi15 (1968) 

R e s u l t s  o f  a s t u d y  o f  v e r y  low f r e q u e n c y  (VLF) 
e m i s s i o n s  o b s e r v e d  w i t h  the I n j u n  3 s a t e l l i t e  a r e  p r e -  
s e n t e d .  Approximate ly  1200 hour s  o f  VLT: magne t i c  f i e l d  
s t r e n g t h  d a t a  and a p p r o x i m a t e l y  6000  f r e q u e n c y  s p e c t r a  
samples  a re  i n v e s t i g a t e d  i n  t h i s  s t u d y .  These d a t a  c o v e r  
i n v a r i a n t  l a t i t u d e s  up t o  82', a l l  l o c a l  t i m e s ,  a n d  a l t i -  
t u d e s  from 237 t o  2785 km. Contour  p l o t s  a s  a f u n c t i o n  o f  
i n v a r i a n t  l a t i t u d e  and magne t i c  l o c a l  time g i v i n g  t h e  
f r e q u e n c y  o f  o c c u r r e n c e  o f  VLI: e m i s s i o n s  ahove a g i v e n  
i n t e n s i t y  a r c  p r e s e n t e d .  The niost i n t e n s c  VLF e m i s s i o n s  
o b s e r v e d  by I n j u n  3 a r e  found t o  o c c u r  between a b o u t  5 5  
and 75 '  i n v a r i a n t  l a t i t u d e  and d u r i n g  t h e  l o c a l  d a y ,  w i t h  
t h e  maximum i n t e n s i t y  o c c u r r i n g  a t  a b o u t  65' i n v a r i a n t  
l a t i t u d e  and a b o u t  S t o  1 0  h o u r s  magne t i c  l o c a l  time. T h e  
r e g i o n  o f  most  i n t e n s e  VLF e m i s s i o n s  was found t o  move t o  
lower  l a t i t u d e s  d u r i n g  g e o m x g n c t i c a l l y  a c t i v e  p e r i o d s .  
The p r i n c i p a l  t y p e s  o f  VLF c m i s s i o n s  o c c u r r i n g  i n  t h i s  
r e g i o n  are  ELF h i s s  and c h o r u s ,  w i t h  tltc E L F  hiss u s u a l l y  
b e i n g  t h e  most  i n t e n s e .  

- I__ --- - 

1 2 .  VLF E l e c t r i c  and Magnetic F i e l d s  Observed w i t h  t hc  
J a v e l i n  8 : 4 5  Sounding Rocket 
S. L). Shawhan arid 11. A .  Curne t  t 
J o u r n a l  o f  Geophys ica l  _I Research - 7 3 ,  5049 (196s)  

A r o c k e t  VLF expe r imen t  f lown froin Wallops I s l a n d  
t o  a n  a l t i t u d e  of 763  km i s  d c s c r i h c d ,  and thc  expe r imen t  
r e s u l t s  a r c  d i s c u s s e d .  A noise  band. l>ctwecn allout 7 . 5  nnc l  
30 kI1z was o h s e r v c d  w i t h  b o t h  thc  c l c c t r i c  and rnagnet ic  
r e c c i v e r s .  The f i e l d  gcoiiietry o f  t h i s  no i se  s u g g e s t s  t h a t  
t h e  n o i s e  i s  p r o p a g a t  i n p  p e r p e n d i c u l a r  t o  thc  geomaEnclt i c 
f i e l d  and t h a t  t h e  lower  c u t o  Tf frequency may h e  tiic lower 
h y b r i d  r e s o n a n c e  f r e q u e n c y .  Intense n o i s e  h u r s t s  below 1 
klIz were o b s e r v e d  on the  c l c c t r i c  cti l tCI1il : lS bcloie 5I)O-hill 
a l t i t u c l c  d u r i n g  b o t h  the upgoing and downgoing p o r t i o n s  
of t h e  f l i g h t ,  b u t  n o t  on t h e  l o o p  a n t e n n a s .  T h e  p r e -  
c e s s i o n  and s p i n  m o d u l a t i o n  o f  t h i s  n o i s e  i s  n o t  c o n s i s t e n t  
w i t h  a n  i n t e r p r e t a t i o n  o f  t hese  n o i s e  b u r s t s  as h e i n g  due 
t o  l o n g  wave leng th  e l e c t r o s t a t i c  waves i r i  t he  s u r r o u n d i n g  

I 

_ .  
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plasma.  We s u g g e s t  t h a t  this e l e c t r i c  a n t e n n a  n o i s e  may 
be g e n e r a t e d  by t h e  mot ion  of tlic pay load .  T h c  iiiagnitude 
o f  t h e  e l e c t r i c  a n t e n n a  impedance v a r i e d  from a mini~nuni o f  
a b o u t  150  kilohnis a t  350-krn a l t i t u d e  t o  a b o u t  600  kilolims 
a t  apogee .  A l a r g e  p h a s e  p e r t u r b a t i o n ,  u s u a l l y  i n d i i c t i v e ,  
was ohse rved  a t  a l t i t u d e s  h C l 0 7 l r  a b o u t  S O 0  km whcnever t h e  
a n t e n n a  was a l i g n e d  n e a r l y  p a r a l l e l  t o  t h e  geomagnet ic  
f i c l d .  The e l e c t r i c  f i e l d  s i g n a l  from t h e  nosecone  t r a n s -  
mi t te r  was a t t e n u a t e d  much iiiore r a p i d l y  t h a n  t h e  mag.netic 
f i e l d .  

13 .  The Low Frequency C u t o f f  o f  ELF Eiii issions 
D .  A.  G u r n e t t  and T .  23. Burns 
J o u r n a l  II of Geophys ica l  Resea rch  73,  7437, (1968)  

ELF and VLF r a d i o  n o i s e s  o b s e r v e d  by s a t e l l i t e s  i n  
t h e  i o n o s p h e r e  o f t e n  have a v e r y  s h a r p  lower  c u t o f f  f r e -  
quency n e a r  t h e  p r o t o n  g y r o f r e q u e n c y .  T h i s  p a p e r  summarizes 
t h e  e x p e r i m e n t a l l y  o b s e r v e d  c h a r a c t e r i s t i c s  o f  t h i s  low 
f r e q u e n c y  c u t o f f  and p r o p o s e s  a n  e x p l a n a t i o n  f o r  t h e  c u t -  
o f f  based  on t h e  r e f l e c t i o n  o f  downward p r o p a g a t i n g ,  c x t r a -  
o r d i n a r y  mode, wavcs n e a r  t h e  two- i o n  c u t o f i  f r e q u e n c y  
between t h e  p r o t o n  and he l ium g y r o f r e q u e n c i e s .  T h i s  ex-  
p l a n a t i o n ,  i f  c o r r e c t ,  p r o v i d e s  t h e  f i r s t  d i r e c t  e v i d e n c e  
t h a t  c h o r u s  and ELF h i s s  e m i s s i o n s  a r c  g e n e r a t c d  a t  h i g h  
a l t i t u d e s  (above 3000  k m )  and - n o t  n e a r  t h e  hasc of  the  
i o n o s p h e r e .  

Ground-based o h s e r v a t i o n s  o f  7 0 0  tlz n o i s e  bands 
n e a r  t h e  a u r o r a l  zone,  p r e v i o u s l y  a t t r i b u t a h l e  t o  p r o t o n  
c y c l o t r o n  r a d i a t i o n  a t  low a l t i t u d e s  i n  t he  i o n o s p h e r e ,  
c a n  now be e x p l a i n e d  by t h i s  r e f l e c t i o n  mechanism. O t h e r  
p o s s i b l y  r e l a t e d  e f f ec t s  ( s u c h  as  m u l t i p l e  ELF n o i s e  hands 
and the r e f l e c t i o n  o f  w h i s t l e r s  a t  t h e  two- ion  c u t o f f  
f r e q u e n c y )  are  d i s c u s s e d .  

1 4 .  VLF Emiss ions  Dur ing  N a g n e t i c  Storms and t h c i r  
A s s o c i a t i o n  w i t h  40  keV E l e c t r o n s  
David P.  Cauffman and Donald A .  G u r n e t t  
[ a c c e p t e d  €or  p u b l i c a t i o n  i n  J o u r n a l  - -  o f  Geophys ica l  
R e s e a r c h ,  19691 
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Spec t rog rams  o f  v e r y  low f r e q u e n c y  r a d i o  n o i s e  
r e c o r d e d  by U n i v e r s i t y  of  Iowa s a t e l l i t e  I n j u n  3 a t  i n v a r -  
i a n t  l a t i t u d e s  g r e a t e r  t h a n  S O O N  are  used  t o  d e t e r m i n e  t h e  
b e h a v i o r  of VLF e m i s s i o n s  d u r i n g  m a g n e t i c  s t o r m s .  V a r i a -  
t i o n s  i n  t h e  widc-band i n t e n s i t y  o f  VLF e m i s s i o n s  from L = 
3 t o  L = 8 are  s t u d i e d  f o r  t h e  p e r i o d  from 28  April t o  28 
August  1963 by means of t h e  a u t o m a t i c  g a i n  c o n t r o l  l e v e l s  
of t h e  s a t e l l i t e  VLF r e c e i v e r .  

During a sudden-commencement n tagnet ic  s to rm the VLF 
e m i s s i o n  c a l l e d  p o l a r  c h o r u s  c h a r a c t e r i s t i c a l l y  a p p e a r s  
a t  t h e  o n s e t  o f  t h e  s t o r m ,  may i n c r e a s e  i n  uppe r  f r e q u e n c y  
e x t e n t  t o  2, 5 ki iz ,  may change from s p i k c  t o  b u r s t  s t r u c t u r e  
(normal  c h o r u s ) ,  o c c u r s  o v e r  the  g r e a t e s t  a r e a  on t h c  f o u r t h  
clay of the s t o r m ,  s u b s e q u e n t l y  fades  i n t o  low frcqucncy, 
s p i k e - s t r u c t u r e  p o l a r  c h o r u s  a g a i n  and eventually d i s a p p e a r s  
i n t o  the ELF h i s s  hand g e n e r a l l y  p r e s e n t .  Chorus o c c u r r e n c e  
shows symmetry a b o u t  t h e  9:OO - 2 l : O O  magne t i c  l o c a l  time 
m e r i d i a n  w i t h  a l a r g e  maxiniuni i n  n iagnet ic  morning and a 
smaller maximum i n  magne t i c  eve ing .  I h i l y  r e g i o n s  o f  
o c c u r r e n c e  a r e  shown f o r  t he  d u r a t i o n  o f  ii p r o t o t y p i c a l  
s to rm.  

1 5 .  Observations o f  E l e c t r o s t a t i c  P r o t o n  C y c l o t r o n  
Ilarmonic Noise i n  the I o n o s p h e r e  
S. R .  Plosier  nncl 11. A .  C u r n e t t  
[ submi t te r :  t o  Mxture,  1!169] 

[No A b s t r a c t ]  


